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AUTOMATIC AUTOMOBILE 
TRANSMISSION WITH VARIABLE SHIFT 
PATTERN CONTROLLED IN RESPONSE TO 
ESTIMATED RUNNING LOAD 

BACKGROUND OF THE INVENTION 

The present invention relates to transmission control 
systems for automobiles. 

A prior-art transmission control system for an automobile 
is so constructed that a vehicle speed and a throttle valve 
opening are sensed as electric signals, end that a predeter- 
mined shift gear corresponding to the current values of the 
vehicle speed and the throttle valve opening is selected on 
the basis of a shift pattern which Is preset, with the vehicle 
speed and the throttle valve opening as variables. Herein, a 
plurality of such shift patterns are set beforehand, and one of 
diem is selected by the naoipulalion of the driver of the 
automobile. 

In another transmission control system, the shift patterns 
are automatically selected and changed-ovcr in accordance 
with the driving operation of the driver. 

The control of a transmission in the prior art is such that 
a predetermined gear position corresponding to the current 
value* of a vehicle speed and a throttle valve opening is 
selected oa the basis of a shift pattern which is preset, with 
the vehicle speed and the throttle valve opening as variables. 

In addition, the official gazette of Japanese Patent Appli- 
cation Publication No. 43976/1988 discloses a technique 
wherein a torque is evaluated from the pressure of an intake 
pipe, and a transmission gear ratio {(fcpjn. of an internal 
combustion cogmc)/(vchiclc speed)] is determined from Ac 
torque. 

These methods have made performing an exact shift 
operation for the fluctuations of drive conditions difficult, 
especially for the change of a running load. Far example, it 
is considered that the fuel consumption of the automobile 
will be enhanced without spoiling the drivability thereof, by 
upshifting earlier on a fiat road or a gentle downward slope 
rather than on an upward slope. Such a shiR operation, 
however, has heretofore been impossible because of the gear 
shift based on only the ihroale valve orxsaing and the vehicle 
speed. 

Besides, as the vehicle is lightened, it becomes important • 

lO pexfium the shift craitml m »« rn imy ^ % pffjyg rn ftf rhong,- 

the vehicle in the case of a starting ao^eratfon^fc is 
therefore considered possible lo enhance the fuel consump- 
tion and to perform the exact shift operation corresponding : 
to the drive conditions, in such a way that the nmrring load 
and the vehicle weight are estimated, and that the shift 
pattern is changed in accordance with the vehicle weight and 
the running load in an accelerating mode, while it also is 
changed in accordance with the running load in a deceler- . 
ating mode. 

Since the shift partem is determined oa the basis of the 
several typical drive conditions as stated above, the prior-art 
techniques have been sometime* Incapable of the shift 
operation which reflects the drive conditions exactly. As a ' 
result, they have often worsened the fud consumption. 

SUMMARY OF THE INVENTION 
An object or the present invention is to provide an 
automatic transmission control system for an automobile in 
which the running load of the automobile is estimated so as 
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to perform a shift operation which conforms to the miming 
load. 

In order to accomplish the object, an automatic transmis- 
sion control system for an automobile in one aspect of 
performance of the present invention is constructed com- 
prising load computation means for computing the autoiao- 
bile load; output torque estimation means for ralnilating an 
output torque with reference to the torque characteristics of 
the drive train of the automobile; running load estimation 
means for estimating a running load from the automobile 
load and the output torque; memory means for storing at 
least two shift schedules therein; and a shift schedule 
variable-control unit which dctennines a shift schedule of an 
automatic transmission of the automobile during actual 
running of the automobile, on the basis of the estimated 
running load and the stored shift, schedules. 

Besides, in order to perform a shift operation which is 
based on, not only a running load, but also an estimated 
vehicle weight of an automobile, an automatic txansmissioa 
control system for an automobile in another aspect of 
performance of the present invention may well be con- 
structed co mp ri si ng vehicle weight estimation means for 
estimating weight of the automobile: torque estimation 
means for estimating an output torque; acceleration input 
means for accepting an acceleration signal: tunning load 
estimation means for estimating me running load from the 
estimated. vehicle weight, the estimated output torque and 
theinpmaccelenuicffiraemoryi^ 
of shift schedules therein; and gear position detennination 
ttctim for tffrTrrfe th " ,hift crfw * Mlw * °" thff h"" of 
mc vehicle weight and the estimated running load, and fox 
oeteanimng a gear position of an sutornaUc rxanarrrission of 
the automobile in accordance with the selected shift sched- 
ule. 

fa operation, me nmnlag load (and die vehicle weight) are 

f^hrnflT^ tH» «hi ft np^rarton it prrftrrmrri in conformity 
with the vehicle weight and me naming load. Therefore, the 
optimal shift pattern is formed in accordance won a driving 
environmera such as a mouritain para, to enhance the drrv- 
ablliry of the °™*™*>n* Moreover, on a fiat toad, toe tod 
consumption of the automobile is cn rw mcwrt 

Other objects, advantages and novel features of the 
present invention will become apparent from the following 
detailed description of the invention when considered in 
conjunction with the accompanying drawrngs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a shift control fystem which 
inchjoea an automatic uaiuuin aaon control system in an 
embodiment of the present invention; 

PIG. 2 is a schematic block diagram showing the hard- 
ware elements of the shift control system demoted in FIG. 1: 

FIG. 3 is an explanatory diagram showing the details of 
input signals to and output signals from an AT (automatic 
transmission) control unit; 

FIG. 4 is a block diagram of a vehicle weight estimation 
section which includes vehicle weight estimation means; 

FIG. 5 is a diagram for explaining the time serialization . 
of an acceleration response waveform; 

FIGS. 6 A and €3 are diagrams for explaining y method of 
starting die time serialization; 

FIG. 7 is a diagram for explaining the flow of procctsiag 
for the gener ati on of a time serialtzarioti start signal; 

FIG. 8 is a Sow chart showing the processing steps of 
means for generating the time serialization start signal: 
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FIG. 9 is a diagram for explaining the learning method of 
a neural network which is used in the vehicle weight 
estimation means depicted in FIG. 4; 

HG. 10 is a block diagram of a 6hift control section winch 
includes torque converter-generated torque estimation 
means, engine-generated torque estimation means and load 
estimation means; 

PIGS. 11(a) and 11(d) are graphs showing an engine 
torque map and a torque converter characteristic map, 
respectively; 

FIG. 12 is a flow chart showing a process for estimating 
an accessory torque; 

FIG. 13 is a flow chart showing a process for estimating 
& torque generated by an engine; 

FIG. 14 is a flow chart showing a process for estimating 
an output torque based on a torque converter; 

FIG. 15 is a flow chart showing a process for estimating 
a running load torque from the estimated output torque; 

FIG. 16 is a flow chart showing another method of the 
process for estimating the accessory torque; 

FIG. 17 is a schematic block diagram for explaining gear 
position determination means; 

FIGS. 18(d) and 18(b) are explanatory diagrams showing 
shift maps in a method of altering shift schedules which are 
based on load estimation and vehicle weight estimation; 

FIG. 19 is a block diagram of an automatic transmission 
control system being another embodiment in which a shift 
schedule is continuously varied in consideration of a grade 
or slope; 

FIG. 20 is En explanatory diagram showing a shift nap m 
the embodiment illustrated in FIG. 19; and 

FIGS. 21(a), 21(h) and 21(e) are graphs for explaining 
how to decide an acceleration request. 

PREFERRED EMBODIMENTS OF "THE 
INVENTION 

Now, embodiments of the present invention wSl be 
described with reference to the drawings. In the ensuing 
description, an expression "change gear ratio" or "gear 
ratio" shall mean the product between the gear ratio of a 
transmission and that of a final drive. 

The schematic construction of an automatic transmission 
control system for an auiomobilc in one embodiment of the 
present invention is illustrated in FIG. 1. 

Throttle valve opening (TVO) tensing means 101 semes 
a throttle valve opening 121 in the automobile, which is 
delivered to vehicle weight estimation means 106, engine- 
generated torque estimation means 1001 and gear position 
determination means 109. 

Acceleration sensing means 102 senses- the acceleration 

122 of the automobile, which is delivered to the vehicle 
weight estimation means 10<t and load estimation means 
110. 

Vehicle speed sensing means 109 senses the vehicle speed 

123 of the aino mobile, which is delivered to the vehicle 
weight estimation means 106 and the gear position deter- 
mination means 109. 

Engine rp.m. sensing means 104 senses engine tp. m. 
("revolutions per minute" also termed an "engine speed") 

124 in the automobile, which is delivered to torque con- 
verter-generated torque estimation means 107 and the 
engine-generated torque estimation means 1001. The torque 
converter-generated torque estimation means 107 end the 
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engine-generated torque estimation means 1001 are means 
for estimating torques generated by the torque convener of 
the automobile and the engine thereof, respectively. 

Turbine cp.m. sensing means 105 senses turbine r.p. m. 
(also termed a "turbine speed") 125 in the automobile, which 
is delivered to the torque convetter-ceaerated tannic esti- 
mation means 107. 

In the vehicle weight estimation means 106, the vefaide 
weight of the automobile is estimated on the basis of the 
throttle valve opening 121, acederadoa 122 and vehicle 
speed 123. The estimated vehicle weight 126 is delivered to 
the gear position oetcnwnanon means 109 said the load 
estimation means 110. 

In me torque convener-generated torque estimation 
means 107, the lorquc.generared by the torque converter is 
f"™"** nwn *« engine speed 124 and the turbine speed 
125. The estimated toroue 1022 generated by the toroue 
convener is delivered to the load estimation means 110 



In the 



• "w^-scnaiuoa rorgue estimation means 1001, 

the torque generated by the engine is estimated from tbe 
throttle valve opening 121 and me engine speed 124. The 
estimated torque 1015 generated by the engine is delivered 
lotbe torque convener-generated torque estimation means 

In the toad estimation means 110, a load torque is esti- 
mated from the estimated vehicle weight 12£ the estmwed 
torque 1022 generated by the torque convener, and the 
acceleration 122. The estimated load torque 1028 isdeh'v 

i ensd to the g— -* • - — 



In the gear positioo detemunatioa means (which is also 
™""»s lor atoring shift schedules therein) 109, a gear poei- 



7~r ~ . «■ w %n me nnooic vatve opening, 
. ^veJ^sr^ 123, vehicle wei^L86^ lo J^^ 
' 1WS. The determined gear position 129 is delivered to 
hydraulic drive means 111. 

The hydraulic drive means 111 Apennines the driving 
hydraubc pressure of the clutch of the automatic ttantmis- 
, Mon aad dri*" the dutch so as to establish the determined 
gear position 129. 

PIG. 2 flfaxstsues the arrangement of an engine and drive 
tran and a control unit therefor for use in the cmbwliraent 
of the present mvenh'on. An engine 201 and a transmission 
, ^ supply me ATfamomatfc tram 
with signaU 204 and 205 mdicative of their native 
operating states. In addition, vehicle signals 207 and ASCD 
(auto speed cruising device) control unit signals 20S are 
input to me AT control unit 203. hi the AT control unit 203, 
, a gear position is determined from the received signals so as 
todeliver shift instruction signals 206 to the tranamsskm 

, ^y^ 68 *cd«aUs of the signals shown in FIG. 

2 Signals 304 thru 307 m PIG. 3 correspond to the engine 
output signals 204 in FIG. 2, while signals 36* thru310 
correspond to the transmission output signals 205 Besides, 
signals 311 thro 314 correspond to the vehicle signals 207 
whole signals 315 and 316 correspond to Ibc ASCD control' 
unit signal* 208. On the other hand, signals 317 thru 321 
correspond to ^AToontrol unit signals 206. In Pia 3, the 
Stl'T? ~ 316 m su PP Kcd 10 » AT control unit 
.Mil through «n inpm signal processing unit 302. Further, the 
E*"*^ 317 - 321 ftom the AT control mAaOlBc 
delivered through an output signal processing unit 303. 

In the present invention, a vehicle weight estimating 
"^utilizes the fact tna^ 

vehicle speed, which arise when the driver of the automobile 
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has depressed the accelerator pedal thereof, differs depend- 
ing upon the vehicle weight. Thus, the vehicle weight is 
recognized from an accelerating response waveform. With 
this method, the cost of the control system is not increased 
by the use of a sensor for measuring the vehicle weight, and 
the vehicle weight can be estimated with a precision satis- 
factory for the shift control of the automatic transmission. 

FIG. 4 is a detailed block diagram showing an example of 
the vehicle weight estimation means 106 depicted in FIG. I. 
In FIG. 4, acceleration sensing means 401 delivers an 
acceleration signal 411 to time serialization mean* (accel- 
eration input means) 405 and time serialization start signal 
generation means 404. Vehicle speed sensing means 402 
delivers a vehicle speed signal 412 to the time seriaHzauon 
means 403. TVO sensing means 403 delivers a throttle valve 
opening signal 413 to the time serialization moans 405 and 
the time serialization start signal generation means 404. 

The time serialization start signal generation means 404 
monitors both the signals of the acceleration 411 and the 
throttle valve opening 413, and it sends a signal 416 to the 
time serialization means 405 to start time serialization when 
the acceleration has risen owing to the driver's depression of 
the accelerator pedal, in other words, in conformity with the 
accelerating response waveform. 

Upon receiving the time serialization start signal 416, the 
time serialization means 405 time-serializes the acceleration 
411, vehicle speed 412 and throttle valve opening 413 so as 
to deliver time-serial signals 414 to neural vehicle weight 
estimation means 406. The neural vehicle weight estimation 
means 406 estimates the vehicle weight on the basis of the 
received time-serial signals 414, and delivers an estimated 
vehicle weight 415. 

PIG. 5 is & diagram for explaining the time seriaHration 
of the accelerating responses of the acceleration, vehicle 
speed and throttle valve opening. The tunc scriatizadon is 
started St the point of time tso at which tho acceleration has 
exceeded a precV^cmnccx] threshold value ash. Than, the 
acceleration, vehicle speed and throttle valve opening arc 
sampled at regular intervals of At. 

The reason why the threshold value is act for the accel- 
eration will be elucidated with reference to FIGS. 6A and 
6B. In a case where a threshold value is set for the throttle 
valve opening for the purpose of the time serialization in the 
accelerating mode and where the sampling is initiated in 
synchronism with the rise of the throttle valve opening, the 
rise of the longitudinal acceleration (the acceleration in the 
longitudinal direction of the body of the automobile) 
becomes discrepant because of an individual difference 
involved in the way the driver depresses the accelerator 
pedal. In order to eliminate the discrepancy, the threshold 
value is set for the acceleration, and the sampling is started 
when the acceleration has exceeded the threshold value. 

FIG. 7 illustrates die procedure of the processing of the 
time serialization start signal generation means 404 shown 
in FIG. 4. Km, the closure of a throttle valve is confirmed. 
Subsequently, the opening of the throttle valve rises and 
exceeds the preset threshold vahie. Thereafter, the time 
serialization is initiated when the acceleration has exceeded 
the threshold value. 

FIG. 8 illustrates the flow of that processing of the time 
serialization start signal generation means 404 which cor- 
responds to FIG. 5. More specifically, whether or not tho 
throttle valve is closed is checked at a step 801. When the 
throttle valve is closed, the processing flow proceeds to a 
step 802, and when not, it returns to the step 801. Further, 
when the throttle valve opening 8 has exceeded its threshold 
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value 8th at tbc stop 802, the processing flow proceeds to x 
step 803, and when not, it returns to the step' 802. On 
condition that the acceleration a has exceeded its threshold 
value alh at the step 803. the processing flow proceeds to & 
step 804. Otherwise, the processing flow returns to the step 
803. At the step 804. the time serialization start signal 416 
indicated in FIG. d is delivered. 

HG. 9 is a diagram showing the learning method of a 
neural network which is used for the estimation of the 
vehicle weight. Referring to the figure, vehicle weight 
estimation means 901 is constructed of the Riimdhart type 
neural network which consists of an input layer, an inter- 
mediate layer and an output layer. Each of the three layers 
include* one or more neuron* or arithmetic elements, and the 
neurons of the adjacent layers are coupled by synapses. 
Signals are transmitted along the input layer -» the inter- 
mediate layer -> the output layer. Each of the synapses is 
endowed with* weight, and the output signal of the corre- 
sponding neuron it multiplied by the weight of the synapse 
to form the input signal of the next neuron. Each neuron 
converts the sum of the input signals into the output signal 
by the use of a sigmoids! function. 

The neural network 901 leams the vehicle weight in such 
a way that the weights of the respective synapses are so 
altered as to «<™™'«h the error between the true weight of 
the automobile end the vehicle weight estimated ton the 
inputs of the acceleration, vehicle speed and throtde valve 
opening, la order to cope with various aspects c* depressing 
the accelerator pedal, accelerating response waveforms are 
previously measured by experiments based on the time 
serialization method shown in FIG. 4, whfle the vehide 
weight and the throttle valve opening arc being changed on 
aa identical automobue, Sl&aeqnenny.thetiine-aeris4wave- 
fbrots of the aecetexation, vehicle speed and throttle valve, 
opening are input to the neural netwetk 901, thereby cbtain- 
ing the estimated vehicle weight 911. Next, the error 913 of 
the estimated vehicle weight 911 with respect to the tone 
vehicle weight 9U is calculated. 

Weight alteration means 902 alters the weights of the 
rater-layer synapses so as to diminish the error 913 between 
the estimated vehide weight 911 and the true vehicle weight 
912. As an algorithm for altering the weight*, a back- 
pnjpptfltHm -lg»fr*"n » rypired hiilamcrther algorithm mtv 
well be ernployed. 

A niottblg load is estimated in order to perform the shift 
control in accordance therewith. Herein, rerunning load ie 
evaluated by estimating an output torque and solving the 
equation of motion on the basts of the estimatfri output 
torque, the acceleration and the estimated vehicle wesgbL 

Regarding the output torque estinwdon. there is a method 
in which the output torque is estimated from the sHp and 
tpjn. (also termed "revolution number" or " s p»d" )of the 
torque convener in accordance with torque converter char- 
acteristics, and a method in which it is estimated from the 
r.p.m. of the engine and the evening of the throttle valve in 
accordance with engine torque characteristics. 

The estimation method based on the slip of the torque 
' converter can estimate the output torque precisely when the 
slip of the torque converter is great, mat is, when the ratio 
between the revolutions of the input and output of the tonqoe 
converter is small. This method, however, exhibits an infe- 
rior precision in a region where the slip is small, that is, 
where the ratio between the input rcvohirions and the output 
revolutions is great. 

On the other hand, the estimation method based on die 
engine torque characteristics exhibits a oonstam precision in 
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the whole operating region of the engine, but it has the 
problem that torques required for operating accessories such 
as an air conditioner cannot be found. 

In this embodiment, accordingly, in the region where the 
slip of the torque converter is great the output torque is 
estimated on the bask of the torque convener, while at the 
same time, the torques necessary for operating the accesso- 
ries sacb as the air conditioner are estimated. Besides, in the 
region where the slip of the torque convener is small the 
oatput torque is calculated in such a way that the torquei for 
the accessories estimated before arc subtracted from the 
estimated torque based on the engine. 

FIG. 30 is a diagram for explaining the method of 
estimating the output torque and the method of estimating 
the load. In estimating the output torque from a torque 
generated by the engine, an engine output torque 1015 (Te) 
is derived from an engine torque map (engine-generated 
torque estimation means) 1001 on the basis of a throttle 
valve opening 1011 (TVO) and an engine revolution speed 
(or r-p.m.) 1012 (Ne). The total load torque 1016 (lace) of 
the accessories such as the air conditioner is subtracted from 
the engine output torque 1015. and the resulting difference 
is multiplied by the torque ratio 1017 (t) of the torque 
convener, thereby, obtaining a turbine torque 1014 (Ttl) 
based on the engine revolution speed 1012. 

On the other hand, in * g * T ™ ,H "c the output torque from 
the pomp revolution speed or r.p.rn, (namely, the engine 
revolution speed) 1012 and turbine revolution speed or r.p. 
m. 1013 (Nt) of the torque convener, the ratio Nt/Ne 
between the turbine revolution speed 1013 and the engine 
revolution speed 1012 it calculated, and the torque ratio 
1017 and pump torque capacity coe ffi cient 1018 (?) of the 
torque converter are derived from a torque converter^orqne 

characteristic map 1002. The pump torque capacity coeffi- 
cient 1018 nf ltir.ttmy.ir. imrnwlw i« nniltjp|fr4 fry tht r^nmr*. 

of the engine revolution speed 3012. thereby obtaining a 
pump torque. Further, the pump torque is multiplied by the 
torque ratio 1017. Then, a turbine torque 1019 is obtained. 

Accessory torque estimation means 1003 taornpares the 
estimated turbine torque 1014 based on the engine and the ' 
estimated turbine torque 1019 based on the torque converter. 
Herein, when the ratio Nt/Ne between the turbine revolution 
speed and the engine revolution speed is smaller than OS. 
die estimated accessory torque 1016 is output so as to nullify 
the error be twee n the turbine output torque 1014 based on 
the engine and the turbine output torqne 1019 based on die 
torque converter In contrast, when the ratio Nt/Ne between 
the turbine revolution speed and the engine revolution speed 
is not $rn alter than 0.8, the latest estimated accessory torque 
1016 is output. 

Here in this example, the output of the accessory torque 
estimation means 1003 ia changed-over at Nt/Ne ^LS. 
However, the value 0.8 differs depending upon the charac- 
teristics of torque converters, and a value near the clutch . 
point of the pertinent torque converter may be set The 
reason is that the Nt/Ne values corresponding to the large 
errors of the pump torque capacity coefficient of the torque 
converter are bounded by the clutch point. 

Turbine torque estimation means 1004 delivers the fur- < 
bine torque based on the torque convener, as an estimated 
turbine torque when the ratio Nt/No (1021) between the 
turbine revolution speed and engine revolution speed of the 
torque converter is smaller than 0.8, and it delivers the 
turbine torque based on tbc engine, as an estimated turbine 
torque when not. The estimated turbine torque 1022 (It) 
thus produced is multiplied by a gear ratio 1024 (r), thereby 
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obtaining an estimated output torque .1023 (To) An esti- 
mated running load torque 1028 (TL) is calculated in such 
a way that the product 1025 (Mxrw) between the esamated 
vehicle weight 126 (refer also to FIG 1) and Acrffcctivc 
radius rw of a tyre ox wheel is multiplied by a tongiwduud 
acceleration 102« (a), whereupon the resulting product 1027 
is subtracted ftom the estimated output torque 1023. 

FIGS. 11(a) and ll(fc) illustrate art engine torque map and 
a torque converter characteristic map, respectively. The 
engine torque map in FIG. 11(a) indicates the generated 
torque Tc with the throttle valve opening set as a parameter, 
by taking the revolution speed Ne of the engine on the axis 
of abscissas. On the other hand, the torque converter char- 
acteristic map in FIG. 11(b) indicates the pump torque 
capacity coefficient % and the ratio t of the input and output 
torque* of the torque converter, by taking the ratio e of the 
input and output revolutions of the torque converter on the 



PIG 12 illustrate* the flow of the processing of the 
accessory torque estimation means 1003 shown in HG. 10. 

«*c«"«y __m._ . =*seiatTacc«Oai 



More specifically, the accessory torque 



a step 1201. If the slip c of the torque converter, namely, the 
aforementioned ratio Nt/Ne between the turbine revolution 
BDCcd 1013 and the engine revolution speed 1012 is smaller 
rtanO.8, is checked at astep 1202. When the slip eis smaller 
than 0.8, the processing flow proceeds to a step 1203. and 
; when not, it returns to the step 1202. At the step 1203. the 
difference Terr between the estimated turbine torque Ttl 
based on the engine and the estimated turbine torque Tt2 
based on the torque converter is evaluated as Terr = Ttl - 
Tt2. At the next step 1204, the estimated accessory torque 
Tacc is calculated as Tacc=Tacc+Terr/twr^ 
torque ratio of the torque converter. 

FIG. 13 the flow of a process for obtaining tbc 

estimated turbine torque Ttl based on the engine. At a step 
1301. the values of the engine revolution speed Ne »^ Tbe 
throrderalvcopcrn^TVOareiead.Althei^«^13o% 
the engine torqne Te Is derived from the engine torque map 
1001 in PIG. 10 (refer also to HG. 11(a)) on the basis of the 



TVO. At the aubseqoent «ep 1303, the turbine torque Ttl 
based on the engine is calculated in such a way that the 
accessory torque Tacc is subtracted from the engine torque 
Tc whereupon the resulting difference is multiplied by the 
torque ratio i of the torque converter. 

FIG. 14 illustrates tbc flow of a prc«« for ol*aimng the 
estimated turbine torque Tt2 based on the revobttwra of the 
torque converter. At a step 1401, the values of the vehicle 
speed Vsp. engine revolution speed Ne and gear mho t arc 
read. Subsequently, the turbine revolution speed Nt is. com- 
puted from the vehicle speed Vsp and the effective radius rw 
of the wheel at a «ep 1403. At the next step 1405, the sHp 
e of the torque converter is calculated, and me purnp torque 
capacity coefficient t and the torque ratio l of the torque 
converter are derived from the torque convener character- 
istic map 1002 in HG. 10 (refer also to HG. 11(«). At the 
subsequent step 1406, the turbine torque Tt2 (1019 in HG. 
10) based on the torque converter is calculated in such a way 
that the square of the engine revolution speed Ne is multi- 
plied by the pomp torque capacity coefficient i, thereby 
obtaining the pump torque Tp, whereupon the pump torque 
Tp Is multiplied by the torque ratio t of the torque converter. 

Incidentally, in this process, the turbine revolution num- 
ber Nt may well be directly obtained instead of being 
computed from the vehicle speed Vsp. In such a case, the 
«eps 1401 and 1403 arc respectively replaced with steps 
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1402 and 1404. Mare specifically, the value of the engine 
revolution speed Nc is read at the step 1402, and the value 
of the turbine revolution speed Nt is lead at the step 1404. 

FIG. 15 fllostrates the flow of a process for obtaining the 
estimated load torque TL from the estimated output torque 
lb and the acceleration a. "Whether the revolution ratio c of 
the torque converter is smaller than 0.8 is checked at a step 

1501. When tbc ratio e« smaller, the fkaw proceeds to a step 
15«2, and when not, it proceeds to a step 1563. At the step 

1502. the estimated turbine torque Tt is act at the turbine 
torque Tl2 based on the torque converter, whereupon the 
<to^proce^toastepl504.Onth«c<hcrhand,iathc step 

1503. tho fftrtmnfttl turbine torque It is set at the turbine 
torque Ttl based on the engine whereupon iho flow pro- 
ceeds to the step 1504. Subsequently, at die step 1504, the 
estimated turbine torque Tt is m u l tipl ied by the gear ratio r. 
thereby obtaining theestiinated output torque lb. At the next 
step 1SQS, the cctfmatrd load torque TL is calculated in soca 
a way that the product among the estimated vehicle weight 
M, the effective radios rw of the •wheel aad the acceleration 
a is subtracted from the estimated toad torque TL. 

FIG- 16 illustrates another method of evaluating torques 
required for the accessories. TMa method consists in thai the 
torques of the accessories are set for the individual devices 
beforehand, and that, when the pertinent device is *X>N",tbe 
conespoodsng value it added. In the figure, tho torque of an 
air conditioner is taken as an example- 

At a step 1601, lace = 0 is set. U the air conditioner is 
"XJIT. is checked st a step MOX When die air conditioner 
as *X>N", the flow of die method proceeds to a step 1*03, and 
when sot. die processing of the method is ended. At the step 
l«J3.theaccesaciy «>«^T*cc«actalTacc=T^ 
where Tie denotes tnetocouc of the air ooudi d onec. 

There will sow be explained a control in •winch a shift 
pdlfflTn is changed qq the b asts of anes f tniwlwl load and an 
estimated vehicle weight FKL 17 is a block diagram of gear 
position dcterxmnation means for dc tu m i nin g a sear posi- 
tion from the ytimmrA vehicle weight and the estimated 
load. 

■ An upahftring speed chance hue selector 1761 receives a 
. vehicle weight signal 1711 and a load signal 1712 as inputs, 
and it delivers an apshifting speed change line 1714 to gear 
position tmalKleterminarion means 1703 as an onrpuL A 
downsliiftmg apeed change tms selector 1702 receives die 
load signal 1712 a* an input, and it delivers a downshifting 
apeed change line 2715 as an output. The gear position 
mutf-dctermmatioa moans 1703 receives a vehicle speed 
signal 171(1 and a throttle valve opening signal 1717 in 
addition to the ^ip*Mftmg speed change fane 1714 and the 
dovmsfaifting speed change line 171S, and U delivers a gear 
shift signal 1713. 

FIGS. 18(a) aad l*(fc) illnatnte the controls based on the 
vehicle weight and the load, for upshift and for downshift, 
respectively. A shift map as shown in FIG. 18(a) is used for 
the upshift, whOe a shift map as shown in FIG. M(fc) is used 
for the downshift. 

In the case of the upshift, the gear shift boundary follows 
between lines (T). ^) or (3) dependent on the vehicle weight 
and the load moving from line 1 -> 2 -» 3 as such weight 
and speed increase. On the other hand, in the case of the 
downshift, the speed change line moves between lines ®. 
(§) and © as the load enlarges. 

In the case of the downshift, when the throttle valve 
opening (6 + fa) is small, the speed change line ® moves 
toward the higher vehicle speed Vsp. This is inte n d ed to 
apply engine braking. 
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Although the gear cfaift boundary is determined 6om the 
vehicle weight and the nmmhg load in the above embodi- 
ment, it amy well be determined from only the nmnasgload. 

In addition, although my of the preset gear shift bound- 
aries is selected in the above embodiment, the gear shift 
boundary may wen be continuously varied on the bash of 
the estimated load, the vehicle weight and a grade or slope. 
A method for tbe continuous variation may be such that two 
gear drift boundaries which do not intersect each other are 
set, and that they arc divided internally or exteznaDy in the 
direction of, for example, the vehicle speed. This method 
wQl be explained in detail below. 

PIG. 19 is a block diagram showing another cmhorlfment 
of the automatic transmission control system for art anto- 
mobile in which the gear shift boundary is determined from 
the gradient (an inclination angle) and the vehicle weight. 

This system comprises a gradient xesaatsncc (hili-cumb- 
iog resistance) calculation unit (load estimation mesas) 
1901, a continuously variable quantity calculation u p*'* 1902, 
a continuous variation unit 1903, a shift peOcrn-A memory 
1904 and a shift pattem-B memory 1905. The coiruauously 
variable quantity calculation unit 1902 and die ffwTii'H"^!* 
variation unit 1909 constitute a shift schedule variable- 
control uniL The shift pattem-A memory 1904 and the shift 
pancm-S memory 1905 constitute means for storing shift 



The gradient rem trance cal culat i o n unit Goad « 
means) 1901 is supplied with tbe gradient 6 and the vehicle 
weight W, and fa c al rnlarra a gradient i a crrmr at ictiKsocc 
AL m accordance with the following equation (l* 

4L*W«*a« (I) 

where g denotes the gravitational accelerariari. 
The crmttnaottsry variable quantity calculation unit 1902 

r-fll<-tlllrH-f g OOOtillUOUSly "lf' ,M * ^ Hf fl f h y 7i1 n B r r rm ii mnr* 

with the following equations (2) and (3): 



where y denotes a gradient equivalent coefficient, which 
nary well be calculated by the a fore m enti oned eqcaaon 



Besides, Wat represents a atandard vehicle weight previ- 
ously set as a default, and e iqwatnts a coatraoousty 
variable <| i miH f» y -ooii<m " 0" coefficient. 

The ooouxmous variation unit 1903 determine* a gear 
position in such a way that a value X indicated by Bqaarion 
(4) below is calculated from the continuously vari a b l e 
quantity Z, whereupon the gear shift boundary is variably 
obtained on the basic of the value X and the throttle valve 
opening as illustrated in FIG. 20. Shift patterns A and B 
indicated in PIG. 20 are respectively sent from the shift 
pattcrn-A memory 1904 and the shift psttern-B memory 
1905. Thus, a smooth shift operation confonning to the 
gradient is realized. 

x = xi + (X2 - XI )Z (*> 

There will now be explained a case where a gear pauaoc 
is determined from the vehicle weight, the gradient and an 
acceleration request. In this case, the gradient inrjrj i rm 
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resistance in FIG. 19 is evaluated as slated below. Processing 
after the evaluation of the gradient increment resistance is 
the same as in FIG. 19. Hist, the temporal variation of the 
throttle valve opening as shown in FTC 21(a) it measured. 
Subsequently, the time derivative of the throttle valve open- 
ing is obtained as shown in PIO. 21(6). The acceleration 
request a is calculated in accordance with the preset func- 
tional relationship of the following equation (5), on the basis 
of the throttle valve opening (TVO) and the time derivative 
thereof: 

a =f£ATVOYAT, TVO, i) (5) 

An example of the obtained result of die acceleration 
request a is shown in FIG. 21(c). In this manner, the 
pcesence of the acceleration request a is decided when the 
throttle valve opening and the differentiated value thereof 
have predetermined values or above. 

Th«» grarHenl {iv m i jiw m mammy, At .<« fnlcyj^fivj hy fh* 

following equation (6) on the basis of toe vehicle weight W, 
the gradient 6 and the decided acceleration request a: 

AL= W-gitc 8 + W-cr (6) 

With this embodiment, a smooth shift operation with the 
acceleration request also taken into consideratkn can be 
realized. 

As described above, according to the present invention, 
the vehicle weight is estimated from the drive charactcmrint 
of die automobile, die output torque is estimated from the 
slip of the torque converter or from die revolution speed of 
the engine and the opening of the throttle valve, and the 
running load is eslinmtwl from the output torque and die 
acceleration. Then, in the upshift operation, the gear shift 
boundary is moved by utilizing both the vehicle weight and 
the nmrdug load, while in the downshift operation, it is 
moved in consideration of only me running load. Thus, the 
fuel consumption is enhanced, and the exact shift operation 
conformed to the drive conditions is realized. 

Incidentally, although me foregoing embodiments have 
been described as esdmanng the vehicle weight, me present 
invenaoo is not restricted thereto. The vehicle weight may 
well be directly measured by a sensor. 

According to the pr es e nt invention, a running load is 
fstimiwl, and a shift operation conformed to a vehicle 
weight and the running toad is performed. It is therefore 
possible to provide an automatic transmission control sys- 
tem tor an automobile In which the optimal shift pattern is 
formed in conformity with a driving environment <sucfa as 
driving on a mountain path, or driving with many passengers 
on board), thereby enhancing tbedrivabUity of me automo- 
bile, and in which the fuel consumption of the automobile is 
enhanced more than in the prior art when driving on a flat 
road. 

Although the invention has been described and ilkistrated 
in detail, it is to be dearly understood that the tame is by 
way of illustration and example, and it not to be taken by 
way of limitation. The spirit and scope of the present 
invention are to be limited only by the terms of the appended 
claims. 

What is claimed is: 

1. System for controlling selection of gear position for an 
automatic transmission of an automobile comprising: 
weight estimation means for estimating a total weight of 

said automobile; 
acceleration input means for receiving an acceleration 

signal indicative of acceleration of said automobile; 
output torque estimation means for estimating an output 

torque based on torque characteristics of a drive (rain of 

said automobile; 
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running load estimation means for estimating a tunning 
load from the estimated weight of the automobile, the 
acceleration, and the estimated output torque; 

memory means for storing at least two shift schedules 
therein; 

a shift schedule variable-control unit which determines a 
shift schedule of an automatic transmission of said 
drive train during actual running of said automobile on 
the basis of the estimated running load, the estimated 
weight of the automobile and the stored shift schedules; 
and 

gear shin determination means for selecting a gear posi- 
tion of said automatic transmission based on the deter- 
mined shift schedule; 
wherein said output torque estimation means estimates 
said output torque based on torque characteristics of an 
engine of said drive train when & ratio between an input 
revolution speed and an output revolution speed of said 
torque convener is greater than a predetermined value, 
and based on torque characteristics of a torque con- 
vener of said automatic transmission when said ratio is 
less man said predetermined value. 
2. System for controlling selection of gear position for an 
automatic transmission of an automobile, comprising: 
weight estimation means for estimating a total weight of 

said automobile: 
acceleration input means for receiving an acceleration 
n of said a 



a n means for estimating » output - 

torque based on torque characteristic* of a drive train of 
said automobile; 
running load estimation means for estimating a running 
load from the estimated weight of the automobile, the 



s for storing at least two shift schedules 
therein; 

a shift schedule variable-control unit which determines a 
shift schedule of an automatic transmfsskm of said 
drive train during actual running of said automobile on 
the basis of the estimated irauung load, the estimated 
weight of the automobile and the stored shift acnednles; 

gear shift determination means for selecting a ge*r peti- 
tion of said enromatic transmission based on the deter- 
mined shift schedule; and 

a neural network which has stored therein values of at 
least a throttle valve opening and said acceleration of 
the automobile for learning values of a vehicle weight 
corresponding to the values of at least said throttle 
valve opening and said accelerations; 

where) ti said vehicle weight estimation means estimates 
said vehicle weight by timfr«erialiring each of at least 
said throttle valve opening and said acceleration and 
then supplying resultant time-serial signals to said 
neural network. 

3. An automatic transmission control system for an auto- 
mobile as defined in claim 2, wherein said vehicle weight 
estimation means includes means for supplying said time- 
serial signals of said throttle valve opening and said accel- 
eration, commencing when said throttle valve opening has 
exceeded a second predetermined value and said accelera- 
tion has also exceeded a third predetermined value. 

4. System for controlling selection of gear position for an 
automatic transmission of an aiitnrnobile, comprising: 

weight estimation means for estimating a total weight of 
said automobile; 
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acceleration input means for weaving an acceleration 
signal indicative of acceleration of said automobile; 

output torque estimation means for estimating an output 
torque based on torque characteristics of a drive train of 
said automobile; 

running load estimation means for estimating a nranlng 
load from the estimated weight of the automobile, the 
acceleration, and the estimated output torque; 

memory means for storing at least wo shift schedules 
therein; 

a shift schedule variable-control anil which determines a 
shift schedule of an automatic can Emission of said 
drive train during actual running of said automobile on 
the basis of the estimated niranng load, the estimated 
weight of the automobile and the stored shift schedules; 

8 for selecting a gear posi- 
ission based on the deter- 

wheretn said vehicle weight estimation means estimates 
said vehicle weight of said automobile in response to a 
throttle valve opening signal and a vehicle speed signal 
in addition to said acceleration signal; and 

wherein said oolpul torque estimation means estimates 
said output torque in response to a revolution speed 
signal of an engine of said drive train and a turbine 
revolution speed signal of a torque convener of said 
automatic tra nsmi ssio n « 

5. System for controlling selection of gear position for an 
automatic transmission of an automobile, c ompri s in g : 

weight estimation means for estimating a total weight of 



acceleration input means for receiving an acceleration 
signal indicative of acceleration of said automobile; 

output tonne estimation means for estimating an output 
tOTTjucbaiedimtOTniecnaracxerlstia 
said automobile; 

nmning toad estimation mean* far catimiliug a miming 
load from the estimated weight of the automobile, the 
acceleration, and the estimated output torque; 

memory means for storing at least two shift schedules 

a »hift schedule variabie-coctrol unit which determines a 
shift schedule of an automatic transmission of said 
drive train < h "*n g actual running of said automobile or 



weight of the automobile and the stored shift schedule*; 
and 

gear shift deterrnination means for selecting a gear posi- 
tion of said automatic transmission based on the deter- 
mined shift schedule; 

wherein said output torque estimation means has a first 
mode in which, said output torque is estimated from a 
turbine revolution speed of a torque convener of said 
automatic transmission and a revolution speed of an 
engine of said drive train, and a second mode in which 
said output torque is estimated from a throttle valve 
opening of said engine and said revolution speed of 
said engine, one of said first and second modes being 
selected in response to a ratio between an input and an 
output revolution speeds of said torque convener of 
said automatic transmission. 
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6. Method of controlling selection of gear position for 
automatic transmission of an automobile having means for 
storing a plurality of shift schedules for said automatic 
trans mission, said method comprising the steps of: 

first, calculating an estimated weight of said automobile; 

second, determining acceleration of said automobile; 

third, calculating a value for an output torque of said 
transmission based on torque characteristics of a drive 
train of said automobile and generating an output 
torque signal indicative of said output torque value: 

fourth, estimating a running load of said automobile based 
on said estimated weight of said automobile, the accel- 
eration, and the output torque signal; 

fifth, selecting a shift schedule from among a plurality of 
shift schedules stored in said means for storing, based 
on the estimated running load and the estimated weight 
of toe automobile; and 

sixth, selecting a gear position of said automatic trans- 
mission based on the selected shift schedule; 

wherein said third step comprises calculating said output 
torque based on torque character! sacs of art engine of 
said drive train when a ratio between an input revolu- 
tion speed and an output revolution speed of a torque 
convener of said automatic transmission is greater than 
a predetermined value, and calculating said output 
torque based on torque characteristics of said torque 
converter of said auto made transmission when said 
ratio is less than said predetermined value 

7. Method of controlling selection of gear position for 
automatic transmission of an automobile having means for 
storing a plurality of shift schedules for said automatic 
transmission, said method comprising the steps oft 

first, calculating an estimated weight of said automobile; 

second, determining acceleration of said automobile; 

third, calculating a value for an output torque of said 
transmission based on torque chararaeri stirs of a drive 
train of said automobile and generating an output 
torque signal indicative of said output torque value; 

fourth, estimating a running load of said automobile based 
on said estimated weight of said automobile, the accel- 
eration, and the output torque signal; 

fifth, selecting a shift schedule from among a plurality of 
shift schedules stored in said means for storing, based 
on the estimated running loed and the estimated weight 
of the automobile; and 

sixth, selecting a gear position of said automatic trans- 
mission based on the selected shift schedule; 

wherein said third step comprises calculating said output 
torque based on at least torque characteristics of a 
torque converter of said automatic transmission, and 
torque characteristics of an engine of said drive train; 
and 

wherein said third step comprises calculating said output 
torque based on said torque characteristics of the 
engine of said drive train when a ratio between an input 
revolution speed and an output revolution speed of said 
torque converter of said automatic transmission is 
greater than a predetermined value, and calcnla ring said 
output torque based on said torque characteristics of 
said torque converter of said automatic transmission 
when said ratio is less than said predetermined value. 
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8. Control system for an automatic transmission with torque 
converter comprising: 



first input torque estimating unit for estimating an 
input -torque of said automatic transmission using an engine 
torque characteristic; 

second input torque estimating unit for es timating an 

input -torque of said automatic transmission using a torque - 

converter characteristic- 
deviation calculating unit for calculating a de viation 
of said first input -torque and said second input -torque ; 

correcting unit for correcting said firs t input torque 
using said deviation torque; 

control unit for controlling said automatic 
transmission according to said correction first input torque . 

9. Control system for an automatic transmission with torque 
converter as defined in claim 8 wherein 

output torque estimating unit for estimating an output 
torque of said automatic transmission using said corre cting first 
input torque and a transmission ratio. 
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10. Control system for an automatic transmission with 
torque converter as defined in claim 9 wherein 

acceleration estimating unit for estimating a vehicle 
acceleration; 

flat road running load estimating unit for estimating 
a flat road running load using a vehicle speed, said accel eration 
and said output torque . 

11. Control system for an automatic transmission with 
torque converter as defined in claim 10 wherein 

transmission ratio control unit for controlling a 

transmission ratio of a vehicle according to said flat road 

running load. 
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DECLARATION AND POWER OF ATTORNEY 
REISSUE PATENT APPLICATION 



As the below named inventors, we hereby declare that our 
citizenship , residence postal addresses and residences are as 
stated below; that we verily believe ourselves to be the 
original, first and sole inventors of the invention entitled: 

AUTOMATIC AUTOMOBILE TRANSMISSION WITH 
VARIABLE SHIFT PATTERN CONTROLLED IN RESPONSE 
TO ESTIMATED RUNNING LOAD 

the specification of which was filed on April 23, 1998 and 
included original U.S. Patent No. 5,510,982, issued April 23, 
1996, and amendments thereto as required by 3 7 C.F.R. § 1.171 et 
seq . 

We verily believe that, as provided in 37 C.F.R. § 1.175, 
the original U.S. Patent No. 5,510,982 is partly inoperative 
because we claimed less than we had a right to claim in the 
patent, as indicated in particular by the scope of the additional 
broader claims being submitted herewith as Claims 8, 9, 10 and 
11. The assignee of this patent recently discovered the error 
and the need for broadened claim coverage upon reviewing the 
patent . 

All errors being corrected in this reissue application up 
to the time of filing of this Declaration arose without deceptive 
intent on the part of the Applicant. 

We offer to surrender the original patent and/or provide an 
appropriate affidavit or declaration in the event the same is 
lost, upon the indication of allowability of the reissue patent 
application. 

We hereby state that we have reviewed and understand the 
contents of the above -identified Specification, including the 
Claims, as amended by any amendment referred to above. We 
acknowledge the duty to disclose information which is material 
to the examination of this application in accordance with Title 
37, Code of Federal Regulations, § 1.56 (a). 

We hereby claim foreign priority benefits under Title 35, 
United States Code §119 of any foreign application (s) for patent 
or inventor's certificate listed below and have also identified 
below any foreign application for patent or inventor's 



ATTORNEY DOCKET NO.: 381TO/41092RE 
PATENT - REISSUE DECLARATION 
Page 2 



certificate having a filing date before that of the application 
on which priority is claimed: 

Prior Foreign Application (s) Priority Claimed 

3-319205 Japan 03 December 1991 Yes 

(Number) (Country) (Day/Month/Year) 



(Number) (Country) (Day/Month/ Year) 

We hereby claim the benefit under Title 35, United States 
Code, § 120 of any United States application (s) listed below and, 
insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States 
application in the manner provided by the first paragraph of 
Title 35, United States Code, §112, we acknowledge the duty to 
disclose material information as defined in Title 37, Code of 
Federal Regulations, § 1.56 (a) which occurred between the filing 
date of the prior application and the national or PCT 
international filing date of this application: 



07/985 , 199 December 3, 1992 U.S. P. 5,510,982 

(Application (Filing Date) for which this is 

Serial No.) reissue appln. 

(patented 4/23/96) . 

We hereby appoint as principal attorneys: 

Martin Fleit, Reg. No. 16,900; Herbert I. Cantor, Reg. No. 
24,3 92; James F. McKeown, Reg. No. 25,406; Donald D. Evenson, 
Reg. No. 2 6, 160; Joseph D. Evans, Reg. No. 26,269; Gary R. 
Edwards, Reg. No. 31,824; Jeffrey D. Sanok, Reg. No. 32,169; 
Richard R. Diefendorf, Reg. No. 32,390; and Paul A. Schnose, Reg. 
No. 39,361, to prosecute and transact all business in the Patent 
and Trademark Office connected with this application and any 
related United States and international applications. Please 
direct all communications to: 

Evenson, McKeown, Edwards & Lenahan 
1200 G Street, N.W., Suite 700 
Washington, D.C. 2 0005 
Telephone: (202) 628-8800 
Facsimile: (202) 628-8844 
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We hereby declare that all statements made herein of our own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under §1001 of Title 18 of the United 
States Code, and that such willful false statements may 
jeopardize the validity of the application or any patent issuing 
thereon . 



INVENTOR: 
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Postal Address/Residence: 
June 5, 1998 



Hiroshi OHNISHI 
Japanese 



Signature of 1 st inventor 



INVENTOR : 

Citizenship : 

Postal Address/Residence: 
June 11,1998 



Kouji KITANO 
Japanese 



Signature of 2 nd inventor 



INVENTOR : 

Citizenship : 

Postal Address /Residence: 

June 5, 1998 



INVENTOR : 

Citizenship: 

Postal Address/Residence: 

June 16. 1998 



Mitsuo KAYANO 
Japanese 



Signature of 3 rd ^?nventor 



Nobuo KURIHARA 
Japanese 



Signature of 4 s inventor 
ASSIGNEE'S CONSENT 



Hitachi, Ltd., Japan, assignee of the entire right, title and interest 
in and to U.S. Letters Patent No. 5,510,982, hereby assents to the filing of 
the attached application for reissue of said patent in accordance with 37 
C.F.R. §1.172. 



June 24, 1998 
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Katsuo OGAWA, Pafcpt Attorney 
Director & General Manager, 
Intellectual Property Office 
(Authorized Signing Officer) 



